A green one-pot multicomponent reaction for the synthesis of 3-indole derivatives was developed via alkaline functionalized chitosan catalyzed condensation between indoles, aldehydes, and malononitrile. The process was carried out in ethanol at room temperature, and the desired products were obtained in good to excellent yields. The salient features of this protocol were environmental friendliness, simplicity of the procedure, ready accessibility of the catalyst, high yield, and mild reaction conditions.
Introduction
Multicomponent reactions (MCRs), have gained much attention in synthetic organic chemistry or significant advantages of atom economy, time-saving, inherent exploratory power and minimization of chemical waste. Moreover, this strategy has proved to be a particularly valuable and efficient methodology in the section of synthetic chemistry. The indole is probably one of the most ubiquitous moieties in nature. A vast number of natural and synthetic indole derivatives
have been found a respected value in pharmaceutical and medical applications since they are able to bind with high affinity to many receptors. Among them, 3-substituted indole derivatives have attracted much attention because they exist in many natural products, and their simple structure with broad scope of potent biological activities. [1, 2] In continuation of our efforts in the synthesis and application of new heterogenous catalyst for organic transformations [3] [4] [5] [6] , Herein, we report our results for a facile and convenient synthesis of 3-indole derivatives using alkaline functionalized chitosan (1) as a highly efficient metal free organocatalyst Scheme 2. Synthesis of 3-indole derivatives catalyzed by alkaline functionalized chitosan (1)
Experimental section

General Reagents and Apparatus
High-purity chemical reagents were purchased from Merck. All reactions and the purity of the products were monitored by thin-layer chromatography (TLC) using aluminum plates coated with silica gel F254 plates (Merck) using ethyl acetate and n-hexane as eluents. The spots were 
General procedure for the synthesis of bis(indolyl)methane derivatives (4a-f)
In a round-bottomed flask, indole (2, 1 mmol), malononitrile (3, 1mmol), various aldehydes (4, 1 mmol) and 5 mg alkaline functionalized chitosan (1) were added to EtOH 96% (2 mL). The obtained mixture was stirred at room temperature. After completion of the reaction monitored by TLC (eluent: 25% v/v EtOAc/n-hexane), EtOH 96% (3 mL) was added and the obtained mixture filtered off to separate the catalyst 1. The filtrate was evaporated to dryness under reduced pressure.
Results and discussion
The catalytic facility of the alkaline functionalized chitosan (1) 
Conclusion
In summary, a new eco-friendly method for the efficient synthesis of indole derivatives, catalyzed by alkaline functionalized chitosan as a new recyclable heterogeneous catalyst under room temperature conditions was introduced. Furthermore, the present method offers several advantages such as mild conditions, quantitative yields of products in relatively short reaction times, elimination of toxic solvent, clean reaction profile and simple work-up procedure, and savings in energy consumption that makes this method an instrumental alternative to the previous methodologies for the scale-up of these one-pot three-component reactions
